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INTRODUCTION

The focus of the current application is to further our understanding of the 1
association between two of the most common conditions influencing a woman’s health:
osteoporosis and breast cancer.

We have recently reported that the relative risk of breast cancer increased with
increasing BMD (1, and Appendix A). The risk of breast cancer among women in the
top quartile of proximal radial BMD was 2.8 times higher than those in the lowest; the
relative risks associated with top quartile BMD at the distal radius and calcaneus were
2.6 and 2.8, respectively. A test for linear trend was statistically significant for all BMD
sites (p< .01). Results from Framingham have confirmed our findings (2). Incidence
rates of breast cancer increased from 2.0 per 1000 person years among women in the
lowest age specific quartile of metacarpal bone mass to 2.6, 2.7 and 7.0 among women
in the second, third and highest quartile, respectively. Similar findings were reported by
Meema et al (3).

We have also found that among women not taking estrogen, those with vertebral
fractures had 63% decreased risk of breast cancer (relative hazard=0.37; 95%
confidence interval: 0.17 to 0.80; p=.01) than those not taking estrogen and this
association remained significant after adjustment for potential confounding factors (4).
These findings suggest that the use of estrogen therapy for women with vertebral
fractures should be reexamined. However, these findings are based on a small number
of cases. Extension of the follow-up will allow us to confirm these initial findings of
exogenous estrogen and breast cancer among women with a vertebral fracture.

BACKGROUND

The metabolism of endogenous and exogenous estrogens is important in the
etiology of breast cancer. The precise mechanism and risk relationships between
estrogen and breast cancer remain controversial in spite of many years of both human
and animal experimental research. There are several interesting hypotheses relating
estrogen to breast cancer.

The production rate or blood levels of estrogen (especially free estradiol) may be
directly related to the risk of breast cancer (5) as evidenced by the reduction in the rate
of increase of breast cancer with age, by the benefits of both bilateral oophorectomy
and the use of an anti-estrogen (Tamoxifen and Raloxifene) (6). The recently reported,
fairly consistent relationship between obesity or weight gain pre- to postmenopause
(7,8) and risk of breast cancer among postmenopausal women is consistent with the
higher blood estradiol and estrone levels among heavier postmenopausal women (9).
The relationship between endogenous estrogen levels and breast cancer is
questionable because of the lack of, or a weak relationship between, exogenous
estrogen therapy and risk for breast cancer even among women who have taken
estrogen therapy for a relatively long time period (10). Selection criteria, especially for
long-term estrogen therapy as well as differences in metabolism between oral
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estrogens and endogenous estrogens may explain (in part) the lack of excess risk
associated with estrogen therapy.

In general, it is clear that steroid hormones are implicated in the risk of breast
cancer although the precise underlying mechanisms remain undetermined (11).
Population studies show estrogen exposure in the form of parity, age at menarche, and
menopausal status to be linked to breast cancer risk. From experimental and clinical
studies, it appears that estrogen can act directly on mammary tissue via estrogen
receptors (12) and direct proliferative responses to physiologic doses of estrogen have
been demonstrated (13). ‘

Bone contains estrogen receptors (14) and is highly sensitive to estrogen levels
in the body. Bone mineral density is positively correlated with early menarche and
length of reproductive life (15). Oophorectomy (16) and prolonged amenorrhea (17,18)
are associated with increased bone loss. Menopausal loss of ovarian estrogens in
associated with rapid bone loss (19), eventually leading to an increased risk of fractures
(20), both of which can be prevented by estrogen replacement therapy (21,22).
Increased endogenous estrogen concentrations are related to increased BMD in both
white and black elderly women (23,24).

If the strong relationship between bone mineral density is substantiated, then it is
very likely that the association of exogenous hormone use and risk of breast cancer has
been substantially underestimated because the selection of women for hormone
replacement therapy would be inversely related to bone mineral density and risk of
breast cancer.

BODY

Study Population

The study will utilize the women participating in the Study of Osteoporotic
Fracture (SOF), a prospective study of risk factors for fracture among women aged 65+
(25). The study originally included 9,704 women recruited in four communities:
Baltimore, MD, Pittsburgh area (Monongahela Valley), Minneapolis, MN, and Portland,
OR. The study began in 1986 and the current round of evaluations will be concluded in
July, 1996. To be eligible to participate in SOF, the women had to be at least 65 years
of age, living in the community, and able to walk without the assistance of other
persons, and never had a bilateral hip replacement. The women represent community-
living older individuals.

The women have now had five clinical evaluations (Figure 1). In addition,
women are contacted annually by questionnaire/interview. Breast cancer history was
obtained at the first annual questionnaire (Year 1). Women who reported a history of
breast cancer at Year 1 (approximately 500) were considered to have prevalent breast
cancer and were not included in subsequent analysis of the evaluation of bone mineral
density and breast cancer. The person-year at risk of incident breast cancer, therefore,
begins after the Year 1 exam.




Figure 1

Baseline Risk factors
1986-1988 Neuromuscular tests
9,704 women Functional status;
Appendicular BMD
12cc serum: frozen storage
X-4ays: spine, hip, hand
Year 2 Exam Risk factors: update
1988-1990 New neuromuscular performance tests

Year 3.5 Exam

Functional status;
Hip and spine BMD
4cc serum: frozen storage

Repeat X-rays of spine

1991 Back pain, disability

7,629 Functional status

Year 5.0 Exam Fractional calcium absorption

1992-1994 Neuromuscular and performance measures
Hip and calcaneal BMD, ultrasound
Risk factors

Serum and urine: frozen storage

Year 8 Exam Repeat pelvis X-rays

1995-1996 Neuromuscular and performance measures
Hip and calcaneal BMD
Ultrasound of calcaneal and tibia
Functional status

The study sample for the DOD proposal will be the 7,894 women of the 9,704
women included in the original analysis of the relationship of bone mineral density and
breast cancer in SOF. Excluded from the prior analysis were: 1) 507 prevalent breast
cancer cases at Year 1, 2) 3,650 women who died before the Year 3 exam and,
therefore, could not be determined whether they had incident breast cancer (of which 5
had a diagnosis of breast cancer on the death certificates) and were not identified
during the 3.5 year exam, 3) 618 who had no information regarding breast cancer at the
3.5 year exam, and 4) 160 with no information regarding breast cancer at Year 1 and,
therefore, could not be classified as incident or prevalent. Breast cancer information
was, therefore, collected on 8,561 (92% of the 9,339) women who survived to the 3.5
year exam and to be determined whether they had incident breast cancer. The 7,894
women without breast cancer at Year 3.5 exam will be the cohort for this study.




Progress Report

1. Identification of breast cancer from the Year 5 and 8 exams (Visit 4 and 5).

One of the goals of our application was to continue follow-up of the cohort for
breast cancer. We originally identified 121 cases of incident breast cancer over the first
3.2 years of follow-up. This included all breast cancers through the third clinical visit.
As part of the DOD, we collected information from the 4™ clinical visit (1992-94) and 5"
clinic visit (1995-96). This will allow examination of our hypothesis concerning long-
term prediction of breast cancer by bone mineral density. In our grant application, we
expected to identify at least 250 cases. To date, we have identified and adjudicated
314 cases of breast cancer, Table 1. As shown, about 14% of cases are in-situ; 69%,
localized to breast and almost 15%, invasive.

We were also interested in acquiring the Estrogen Receptor (ER)/Progestin
receptor (PR) status on not only the newly identified cases but also, the original 121
cases. We have successfully obtained information on estrogen/progestin receptor
status on about 80% of the cases: ER (+), 67%; ER (- ), 11%; borderline (0.6%); no
information, 21.0%; PR (+), 52%; PR ( - ), 25%; borderline, 0.6%; no information, 22%.
Similar to what was reported in the lowa Womens Health Study, about 52% of the
cases with no information on receptor status are breast cancer in-situ. This implies that
there is no information of ER/PR status because it is not being evaluated due to the
early nature of their disease (Table 2).

We are interested in comparing risk factors for ER (+) and ER ( - ) breast cancer
separately. Although the number of ER (- ) cases is relatively small, we found relatively
few differences between these 2 types of breast cancer (Table 3). The major
difference we found between ER (+) and ER ( - ) cases was in family history of breast
cancer: about 40% of women with ER ( - ) breast cancer reported that their mother or
sister had breast cancer compared with 17% of women with ER (+) breast cancer.

2. Hormonal Aspects of Breast Cancer

One of the goals of the application was to further our understanding of the
hormonal etiology of breast cancer and the potential interactions with other factors. We
explored the interaction between a) bone mineral density (BMD) and family history and
breast cancer; b) estrogen replacement therapy (ERT), family history, and breast
cancer; ¢) alcohol consumption, ERT, endogenous estrogens and breast cancer.

2a. BMD and Family History of Breast Cancer

Women with a family history of breast cancer may metabolize estrogen
differently than women without such a history (26). Some (27-29) but not all (30-32)
previous studies have suggested that the increase in breast cancer associated with
estrogen replacement therapy may be greater among women with a positive family
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history of breast cancer. This, there may be a familial response to estrogen exposure
as reflected in BMD. We tested the hypothesis that the BMD-breast cancer
relationship differs by family history.

For these analyses, women who reported breast cancer in either a mother or
sister were considered to have a positive family history. These analyses are based on
our initial set of 121 cases, on whom we had family history information on 104.

Relative to women with a negative family history and proximal radius BMD in the
lowest tertile, women with both a positive family history and highest tertile proximal
radius BMD showed a 4.23-fold increase in breast cancer risk (95% Cl 1.99-9.00),
whereas highest tertile BMD in the absence of a positive family history was associated
with only a 1.48-fold increase in breast cancer risk (95% C1 0.79-2.77; interaction:
p=0.04) (Table 4). Among women with a negative family history, the estimated risk of
breast cancer was approximately 24% higher for each standard deviation unit increase
in proximal radius BMD, compared with a 97% increase in women with a positive family
history (interaction p =0.07) (Table 4).

Within family history subgroups, the increase in risk associated with having a
proximal radius BMD in the highest tertile compared with the lowest was 48% for
women with a negative family history, while the risk was 3.41-fold higher for women
with a positive family history. Similarly, for the distal radius, among women with a
negative family history, those with highest tertile BMD were at twice the risk of women
with lowest tertile BMD; among women with a positive family history, the increase in risk
associated with highest versus lowest tertile BMD was 9.9-fold. For the calcaneus,
women with a negative family history demonstrated a 1.32-fold increase for the highest
tertile versus the lowest, while women with a positive family history showed a 6.5-fold
increase.

2b) ERT, family history and breast cancer

Current use of ERT was associated with a relative risk (RR) of 1.33 (95% Cl,
0.75 to 2.35). In univariate analyses, the association was strongest among women with
a positive family history, RR=3.46 (1.20-9,97) than among women with a negative
family history, RR=1.34 (0.75-2.40) but the interaction term was not significant, p=0.30.

2c) Alcohol consumption, estrogen and breast cancer

Prior research has identified alcohol consumption as a potential risk factor for
breast cancer. While results of previous studies have been somewhat mixed, cohort
studies have generally found an increase in breast cancer risk associated with
increasing consumption of alcoholic beverages.

One possible mechanism for a breast cancer-alcohol relation is the influence of
alcohol on serum hormones, specifally estrogens. Several studies have reported
positive correlations between alcohol consumption and serum hormones levels,
including estradiol (33) and estrone sulfate (34), as well as urinary estrogens (35) in
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postmenopausal women. However, other observational studies in postmenopausal
women have not demonstrated an association between serum (36,37) and urinary (38)
estrogens and alcohol intake. A recent placebo controlled crossover trial in
postmenopausal women reported a significant and sustained increase in estradiol
levels after acute alcohol ingestion among women taking estrogen replacement therapy
(ERT), but not in other women (39).

Some (40,41), but not all (42,43), previous studies have suggested that alcohol
use and exogenous estrogen use may interact with respect to breast cancer risk, but to
our knowledge no previous studies have examined the interrelation among alcohol
consumption, endogenous hormone levels, and risk of breast cancer.

Because alcohol consumption is a potentially modifiable behavior, clarifying the
breast cancer risk associated with its use may have significant clinical implications. For
example, if moderate intake is associated with an increased risk of breast cancer, this
risk must be weighed against the potential benefits of alcohol consumption, including a
reduced risk of cardiovascular disease (44). Further, if there is an interaction between
alcohol consumption and ERT, there may be implications for treatment
recommendations.

We examined the association between current and lifetime alcohol consumption,
measured at baseline, and subsequent development of breast cancer. Compared with
non-drinkers, women who reported drinking an average 15 or more grams of alcohol (a
little more than one drink) per day had a nearly three-fold increased risk of breast
cancer compared to abstainers, Table 5. Multivariate adjustment for age, education,
age at menarche, age at menopause, parity, smoking, use of ERT, exercise, family
history, and clinic in proportional hazards regression models did not substantially
change the risk (RR 3.10, 95% CI 1.55-6.21, p trend across categories=0.04). Limiting
the analysis to current drinkers, heavy drinkers, those reporting consumption of three or
more drinks per day during four or more of the last 30 days, had a five-fold increase in
the risk of breast cancer compared to women who drank less (95% Cl 2.16-14.1, p
trend 0.004). Women in the top quartile of lifetime consumption (8,191 lifetime drinks or
more) had an estimated 87 percent increased risk of breast cancer compared with
abstainers (95% CI 1.01-3.46, p trend 0.07). None of the control variables was
significantly associated with breast cancer risk.

The risk of breast cancer associated with alcohol consumption was not
influenced by either use of exogenous estrogen or endogenous hormone levels. Self-
reported use of ERT did not appear to modify the alcohol-breast cancer relationship (p
interaction 0.85; Table 6). Similarly, there was no indication of a multiplicative
interaction with respect to serum levels of estradiol, estrone, estrone sulfate, or
testosterone and use of alcohol.

3) Endogenous Estrogens, and Androgens, and Breast Cancer

Endogenous estrogens may play an important role in the development of breast
cancer (45). Some (46-49) but not all (60-53) prospective studies have found
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significant associations between endogenous concentrations of estrogens and
subsequent risk of breast cancer. Women with higher bone mineral density (BMD), a
cumulative measure of endogenous estrogen have an increased risk of breast cancer
(1-3). Endogenous androgens may also contribute (47,49,54). However, the
relationship between serum androgens and breast cancer may not be independent of
serum estrogens (55,56). The best estrogen fraction to predict risk has not been
identified (45). Most studies have included measurements of total hormone levels; the
concentrations of free hormone may have even stronger associations.  Finally, most of
the women in these studies were postmenopausal women, younger than 65 years of
age.

Two randomized trials have demonstrated a reduction in primary breast cancers
with tamoxifen (57) and raloxifene (58). In the Breast Cancer Prevention Trial, 4 years
of tamoxifen use led to a 45% reduction in breast cancer incidence among the 13,388
women who participated in the trial (57).

Women in this study were considered “high” risk of breast cancer based on risk
factors, including age > 60 years. About 30% of women in the trial were age 60 years
or older. The Multiple Outcomes of Raloxifene Evaluation (MORE), found a 70%
reduction in the risk of breast cancer, especially estrogen receptor positive cancers
after 33 months of treatment with raloxifene (68). About 80% of the 7,704 women in
this trial, were over the age of 60 years.

Since both treatments entail costs and risk (58,59), it is important to identify
women who are at the greatest risk of breast cancer and hence, most likely to benefit
from anti-estrogen therapies. The current study was designed to test the
hypothesis that serum concentrations of estradiol and testosterone, measured an
average of 3 years before the clinical diagnosis of breast cancer are related to the risk
of breast cancer in women 65 years of age or older. We hypothesized that
measurements of serum hormone could be used to identify women at high risk of
developing breast cancer. We used a case-cohort approach to compare serum
hormone in 97 incident cases of breast cancer and a random set of controls in the
Study of Osteoporotic Fractures.

The sex steroid hormones were correlated with each other and with body weight,
Table 7. The magnitude of the correlation coefficients were similar in the cases and
controls.

Median sex steroid hormone levels were higher in the cases compared with the
random sample of the cohort, Table 8. The magnitude of the difference in median
hormone concentrations ranged from 16% for total testosterone to 37% for estrone
sulfate. The hormone distributions were significantly different in cases and the random
sample of the cohort except for SHBG.

The association between serum hormone level and breast cancer was strongest
for bioavailable estradiol: women in the highest quartile had a 5 fold (95% CI 2.0-12.0)
greater risk of breast cancer compared to women in the lowest quartile, Table 9.
Among the androgens, free testosterone level was strongly linked to subsequent risk of
breast cancer: there was three-fold excess risk of breast cancer among women with the
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highest free testosterone levels. These associations were independent of age and
body weight.

Women in the highest quartile of estrone, estrone sulfate, androstenedione,
DHEAS and total testosterone also had a two to 2 % times excess risk of breast cancer,
Table 3. SHBG and the ratio of estrone sulfate to estrone were not associated with
breast cancer. Results were the same when we excluded past estrogen users.

The estimated incidence rate of breast cancer was lowest (0.6 per 1000 woman
years) among women with the lowest bioavailable estradiol and free testosterone,
Figure 2. In contrast, the incidence of breast cancer was almost 13 times greater
among women with the highest concentration of both hormones.

In a model that included levels of bioavailable estradiol, free testosterone and
androstenedione, bioavailable estradiol RH=2.8; (1.3 to 5.9) and free testosterone,
RH=2.2; (1.0 to 4.5) but not androstenedione RH=1.0; (0.5 to 2.0) remained
significantly related to the risk of breast cancer.

The results of this study support the hypothesis that sex hormones are important
in the etiology of breast cancer in older women. In particular, women with a
bioavailable estradiol level above 2.0 pg/ml had a 5 fold increased risk of breast
cancer compared with women with the lowest estradiol. We also found a strong
relationship between the unbound portion of testosterone and the risk of breast cancer.
Our results are consistent with other prospective studies of the relationship between
sex steroid hormone levels and the risk of breast cancer in somewhat younger women.

The average incidence rate of breast cancer among US white women age 65
years and older is 4.6 per 1000 woman-years (25). Based on, our results we estimate
that the incidence rate of breast cancer among women with the highest bioavailable
estradiol and free testosterone is almost 2 fold higher than this expected rate.

The absolute concentrations of hormones, especially estradiol, were very low.
Nevertheless, a gradient of risk was observed across increasing concentrations. This
gradient of risk is greater than that observed between serum cholesterol concentrations
and coronary heart disease especially among older women (4). These results imply
that measurement of bioavailable estradiol and free testosterone could be used as a
clinical measure of risk of breast cancer to identify women who may benefit from anti-
estrogen treatment.

4) Bone Mineral Density and Breast Cancer: Does this reflect endogenous
hormones?

Increased BMD was associated with an increased risk of breast cancer, Table
10. Inclusion of either non-SHBG bound estradiol or free testosterone in the models did
not attenuate the relationship between BMD and breast cancer. In fact, the association
between BMD and breast cancer was strongest in the multivariate model including both
hormones as well as adjustments for amny risk factors for breast cancer. One standard
deviation in BMD was associated with about at 32% increase in the risk of breast
cancer (p=0.07).




Consistent with our previous observation (1) and that of others (2,3), we found
that higher BMD was associated with an increased risk of breast cancer. The
magnitude of the association was, however, slightly weaker. This study used a design
which reduced the number of women with BMD and thus reduced our power for this
association. Nevertheless, we found little evidence to support the hypothesis that sex
steroid hormone levels attenuate the relationship between BMD and breast cancer,
suggesting that the observed relationship between BMD and breast cancer is
independent of sex steroid hormone levels. The association between BMD and breast
cancer may reflect other hormones we did not measure including insulin, insulin like
growth factors, vitamin D or cytokines. Alternatively, BMD, is a marker of cumulative
estrogen exposures including exposure to estrogens “early” in life. These “early”
estrogen exposures may also contribute to the risk of breast cancer above and beyond
more recent measures of endogenous hormones.

We are currently in the process of measuring IGF1, IGFBP3, IGF-BP4,
1,25(0OH)? vitamin D and 25(OH)? vitamin D to test the hypothesis that these hormones
can explain the observed relationship between BMD and breast cancer.

5) Longterm Prediction of Breast Cancer by ERT and BMD

One of the goals of the DOD grant was to examine the longerm prediction of
breast cancer with respect to BMD and ERT. In our original study, the average follow-
up was 3.2 years. We have now extended follow-up to 7.3 years + 1.6 (range 0.5 to
9.8).

There was little relationship between current use of ERT at baseline and
development of breast cancer over the first 7.3 years of follow-up: the RR (95% Cl) of
breast cancer was 1.17 (0.84-1.62) among current users and 1.03 (0.81-1.31) among
ever users.

The relationship between BMD and breast cancer remained, even over 7 years
of follow-up, Table 11, although the magnitude of the association was weaker. Women
in the highest quartile of BMD had about a 75% increase in the risk of breast cancer
than women with the lowest BMD. We found no evidence that there was an interaction
between BMD and ERT use on breast cancer, Table 12. However, only about 12% of
the cohort reported use of ERT at basellne limiting our statistical power to find a
significant interaction.

RECOMMENDATIONS

We recommend further understanding of the relationship between BMD and
breast cancer. Specifically we are pursuing these additional analyses:

a) Do IGF and its binding proteins predict breast cancer and contribute to the
observation of BMD and breast cancer?

b) Do vitamin D levels help explain the association between BMD and breast
cancer?




c) Do other measures of osteoporosis predict breast cancer e.g. bone loss rates,
ultrasound or fracture rates?
d) Is there a relationship between breast density, BMD and sex steroid

hormones?
CONCLUSIONS

The results from this study clearly support a role of estrogen in the etiology of
breast cancer. This statement is supported by our observation that a) both endogenous
estrogens and androgens predict breast cancer; b) BMD, as a measure of cumulative
estrogen exposure, predicts breast cancer. The relationship between BMD and breast
was upheld with longer term follow-up, although the magnitude of the association was
weaker. The findings regarding endogenous estrogens and androgens raise the
possibility that measurement of these hormones could identify women at high risk of
breast cancer who may benefit from preventive therapies. Finally, the longterm
prediction of breast cancer with BMD may suggest that women with very low BMD, may
not need annual mammograms given their overall very low risk of breast cancer. We
are currently working with Dr. Karla Kewlikowski at UCSF to model the cost
effectiveness of mammograms among women age 65, incorporating measures of BMD
into our cost-effectiveness model.
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Table 1: Number of Breast Cancer Cases by Tumor Behavior (SOF)

(through Year 8)

n (%)
Lobular in-situ 2 (0.6)
Ductal in-situ 44 (14.0)
Invasive, localized to 216 (69.8)
breast ‘
Advanced, with 40 (12.7)
metastases
Other 5 (1.6)
Missing 1 (0.3)
Total 314 (100)

Number of Breast Cancer Cases by TNM Staging

n (%)
In-situ 45 (14)
Stage 1 175 (55.7)
Stage I, 30 (9.6)
Stage lly; 32 (10.2)
Stage Il 8 (2.6)
Stage IV 4 (1.3)
Unknown 19 (6.1)
Missing 1 (0.3)

314 100%
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Table 2: Estrogen Receptor and Progestin Status by TNM Staging:
Number of Cases

Estrogen Receptor

Stage ER (+) ER(-) Borderline No-Info/
Unknown
In-situ 8 2 1 34
Stage 1 135 19 0 21
Stage 1y, 19 7 1 3
Stage Il 26 5 0 1
Stage Ill 5 1 0 2
Stage IV 1 1 0 2
Missing/Unknown 16 1 0 3

Progestin Receptor

Stage PR (+) PR (-) Borderline No-Infor/
Unknown
In-situ 7 4 0 34
Stage 1 105 45 1 24
Stage lly, 17 10 0 3
Stage Il 19 10 1 2
Stage Il 4 2 0 2
Stage IV 0 2 0 2
Missing/Unknown 12 5 0 3
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Table 3: Characteristics of Breast Cancer Cases by ER Status and Controls

ER (+) ER(-) Controls

Age (yr) 70.2 70.8 71.4°
Weight (kg) 69.9 71.1 67.22
BMI (wt/ht?) 27.4 27.5 26.5°
Age, first birth (yr) 253 27.3 25.3
Age at menopause (yr) 48.1 49.8 48.0
Family history of breast 17.1% 40.9%" 16.1%
cancer (%)
BMI > 30 (%) 27.7% 25.9% 20%*®
Ever Pregnant (%) 96% 96% 84%
PR Positive (%) 76% 20% NA
Mother fractured hip 11.3% 10% 14%
(%)
BMD (g/cm?)

Calcaneal 0.422 0.415 0.4062

Distal Radius 0.382 0.363 0.3632

2 p < 0.05 controls versus ER (+) and ER ( - ) cases
2 p <0.05 ER (-)versus ER (+) and controls
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Table 4: Estimated Relative Risk of Breast Cancer by Family History Status
and Bone Mineral Density in the Study of Osteoporotic Fractures, 1986-1993*

BMD (g/cm?) Negative Family Positive Family History p for
History RR 95% CI interaction
RR 95% CI
Proximal Radius
<0.59 1.00 1.24 0.42-3.67 0.04
0.59-0.68 1.64 0.91-2.96 1.00 0.29-3.39
>0.69 1.48 0.79-2.77 4.23 1.99-9.00
Per 1 SD 1.24 0.98-1.57 1.97 0.94-4.12 0.07
(0.10) increase
Distal Radius
<0.32 1.00 0.31 0.04-2.29 0.04
0.32-0.39 1.14 0.62-2.11 3.18 1.43-7.06
>0.40 1.99 1.10-3.58 3.07 1.39-6.80
Per 1 SD 1.30 1.05-1.61 1.70 0.88-3.31 0.24
(0.08) increase

* Proportional hazards regression models with interaction terms. Data were controlled
for age, age at menopause, surgical menopause, parity/age at first birth, body mass
index, alcohol intake, study center, and use of estrogen replacement therapy.

Lucas FL, et al. Am J Epidemiol 1998;148:22-9.
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Table 5. Crude and Adjusted* Relative Risk Estimates by Alcohol Intake
from Proportional Hazards Regression Models

/

Alcohol Use Crude RR (95% Cl) Adjusted RR (95% p trend
Cl)

#

Current intake

(gm/day):
1.00 Referent 1.00 Referent
None 0.95 (0.59-1.53) 0.89 (0.51-1.54)
<156 1.41 (0.84-2.38) 1.13 (0.59-2.14)
1.5-<6 0.97 (0.52-1.79) 1.04 (0.52-2.08)
5-<15 2.66 (1.49-4.76) 3.10 (1.65-6.21) 0.04
15+
3 or more drinks/day,
past 30 days (current
drinkers only):
None 1.00 Referent 1.00 Referent
1-3 times 1.21 (0.64-2.28) 1.35 (0.63-2.86)
4 or more times 3.30 (1.33-8.16) 5.51 (2.16-14.1) 0.004
Lifetime consumption
(# drinks):
None 1.00 Referent 1.00 Referent
1-813 1.05 (0.59-1.87) 0.99 (0.52-1.89)
814-2730 1.06 (0.60-1.87) 0.94 (0.49-1.82)
2731-8190 1.37 (0.80-2.34) 1.16 (0.61-2.20)
8191+ 1.62 (0.97-2.73) 1.87 (1.01-3.46) 0.07

*Adjusted for age, education, BMI, age at menarche, age at menopause, parity/age at first birth,

family history, ERT, current smoking, physical activity, and study center




e

Table 6. Estimated Relative Risk* of Breast Cancer Associated with Alcohol Intake
By Estrogen Replacement Therapy Use and Serum Hormone Levels

—
Alcohol Intake

Hormone P
None <5 gm/day 5+ gm/day interaction

Use of ERT**:

Never 1.00 Referent 1.15 (0.60-2.21) 1.97 (0.93-4.13)

Past 1.51(0.73-3.12)  1.05(0.47-2.37) 1.74 (0.67-4.49)

Current 1.82 (0.75-4.41) 1.71(0.70-4.19) 2.42(0.87-6.75) 0.85
Estradiol (pg/ml): '

<=5 1.00 Referent 0.70 (0.26-1.88) 0.74 (0.19-2.80)

>5-<9 0.82 (0.33-2.02) 0.65(0.25-1.66) 2.20 (0.76-6.38)

o+ 1.86 (0.82-4.21)  1.31(0.55-3.09) 2.74 (1.06-7.08) 0.65
Estrone (pg/ml):

<17 1.00 Referent 0.87 (0.30-2.54) 1.52 (0.39-5.91)

17-<28 2.16 (0.94-4.98) 1.10(0.46-2.64) 1.46 (0.42-5.11)

28+ 1.95(0.77-4.95) 1.79(0.71-4.54) 4.10(1.57-10.7) 0.50
Estrone Sulfate
(pg/mil):

<139 1.00 Referent 0.65 (0.26-1.65) 0.79 (0.21-3.01)

139-<281 1.09 (0.50-2.39) 0.86 (0.37-2.00) 1.80 (0.60-5.43)

281+ 1.28 (0.56-2.96) 1.00 (0.43-2.32) 2.48 (1.02-6.06) 0.82
Testosterone
(ng/dl):

<14 1.00 Referent 1.51(0.49-4.61) 1.78 (0.42-7.58)

14-<24 2.89 (1.09-7.71) 2.01(0.72-5.61) 7.60 (2.50-23.1)

24+ 4.89 (1.88-12.7) 2.45(0.93-6.48) 4.08 (1.34-12.5) 0.21

*Adjusted for age, education, BMI, age at menarche, age at menopause, parity/age at first birth,
family history, ERT**, current smoking, physical activity, and study center
**ERT, estrogen replacement therapy
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Bone Mineral Density and Risk of Breast Cancer

Differences by Family History of Breast Cancer

Frances Leslie Lucas,” Jane A. Cauley,? Roslyn A. Stone,® Steven R. Cummings,* Molly T. Vogt,?®
Joel L. Weissfeld,?® and Lewis H. Kuller? for the Study of Osteoporotic Fractures Research Group

Recent studies have suggested that bone mineral density (BMD) is related to risk of breast cancer in elderly
women. This study investigated whether the level of breast cancer risk associated with BMD in women with
a positive family history of breast cancer is different from that in women without a family history of breast
cancer. Radial and calcaneus BMD were measured at baseline (1986-1988) in 7,250 elderly white women
enrolled in the Study of Osteoporotic Fractures, and initial breast cancer status was ascertained at year 1 of
follow-up. After a mean of 3.2 years of additional follow-up, 104 incident breast cancer cases, 20 of which
appeared in women with a family history of breast cancer, were identified and confirmed by medical record
review. Modification of the BMD effect by family history status was assessed by inclusion of interaction terms
in proportional hazards regression models. Among women without a family history of breast cancer, those with
a proximal radius BMD in the highest tertile were at a 1.48-fold increased risk compared with women in the
lowest tertile; among women with a positive family history of breast cancer, those with highest tertile BMD
were at a 3.41-fold increased risk compared with women in the lowest tertile. These results suggest that the
association between BMD and breast cancer may be different in subgroups of women defined by family
history. Am J Epidemiol 1998;148:22-9.

aged; bone density; breast neoplasms; cohort studies; estrogen replacement therapy; family char-

acteristics

Bone and breast are both estrogen-responsive tis-
sues. Early menarche (1, 2), late menopause (1, 3), and
increased length of reproductive life (3, 4) are associ-
ated with increased risk of breast cancer. The risk may
be increased with long term and/or current use (5-7) of
estrogen replacement therapy (ERT).

Bone contains estrogen receptors (8). Bone mineral
density (BMD) declines (9) and risk of osteoporotic
fractures increases (10) after menopause, and both can
be prevented by the use of ERT (11, 12). Some pre-
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vious studies have suggested that BMD (13, 14) and
vertebral fractures (Steven R. Cummings, University -
of California, San Francisco, unpublished manuscript)
are associated with the risk of breast cancer in elderly
women, possibly as surrogate measures of lifetime
estrogen exposure.

Breast cancer in a first-degree relative is an impor-
tant risk factor for the disease (15). Women with a
family history of breast cancer may metabolize estro-
gen differently than women without such a history
(16). Some (17-19) but not all (6, 7, 20) previous
studies have suggested that the increase in breast can-
cer risk associated with ERT is greater in women with
a positive family history than in other women. We
hypothesized that the BMD-breast cancer relation may
also differ by family history of breast cancer, and we
addressed this question within the Study of Osteopo-
rotic Fractures.

MATERIALS AND METHODS
Subjects
The Study of Osteoporotic Fractures is a multicenter

prospective study of healthy elderly women recruited
from population-based listings who are being followed
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for the occurrence of osteoporotic fractures. A total of
9,704 women aged 65 years and older were recruited
between 1986 and 1988 from one of four areas:
Baltimore, Maryland; Minneapolis, Minnesota; the
Monongahela Valley in Pennsylvania; and Portland,
Oregon. The Study of Osteoporotic Fractures excluded
black women because of their low risk of hip fracture,
as well as women who were unable to walk without
the assistance of another person and women who had
had bilateral hip replacements (21). One year after the
baseline examination, study participants were asked to
complete a questionnaire that included questions about
personal and family history of breast cancer. Breast
cancer status was ascertained again at a subsequent
follow-up, approximately 3.2 years after the year 1
interview. The Institutional Review Board at each
participating institution approved the study protocol.
Each participant signed an informed consent form at
entry into the study and at each clinical examination.

Ascertainment of breast cancer

This investigation of incident breast cancer included
only those women in the study cohort who provided
information on breast cancer status at both year 1 and
the 3-year follow-up, and for whom information on
family history of breast cancer was available (table 1).
A total of 100 women died before completing the year
1 interview, and breast cancer status was not ascer-
tained for 160 women. Women who reported a history
of breast cancer at year 1 were considered to be

‘prevalent cases (n = 506); prevalent cases were not
verified by medical record review and were excluded
from further analysis. A total of 8,938 women (92.1
percent of the study cohort) were potentially eligible
for the analysis of incident breast cancer. Follow-up
information allowing identification of incident breast
cancer was collected at year 3. No follow-up informa-
tion was available for 883 women, including 265
women who died between year 1 and the year 3
follow-up and 618 living women who either did not
appear for the year 3 visit or did not answer the breast
cancer questions. Death certificates were obtained for
all 265 deaths; of these, one breast cancer death was
identified but was not included in this analysis because
the date of illness onset could not be determined.

Attempts were made to contact by telephone all 161
women who denied having breast cancer at year 1 but
reported having breast cancer at year 3 (potential in-
cident cases); these women’s medical records were
obtained and reviewed by a physician epidemiologist
(L. H. K.). Forty women for whom self-reported breast
cancer was not confirmed were excluded, for the fol-
lowing reasons: the medical record review showed
benign disease (n = 2), the participant denied having
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TABLE 1. Incident breast cancer and family history of breast
cancer among participants in the Study of Osteoporotic
Fractures, 1986—1993

No. %
Total cohort 9,704 100
Exclusions 766 7.9
Died prior to year 1 interview 100 1.0
No breast cancer information at
year 1 160 1.7
Prevalent breast cancer reported
at year 1 506 5.2
Alive and free of breast cancer at year 1 8,938 92.1
No breast cancer information
available at follow-up 883 9.9
Died prior to follow-up 265 3.0
No breast cancer information at
follow-up 618 6.9
Total with self-reported breast cancer
information 8,055 90.1
Self-reported breast cancer not
confirmed* 40 0.5
Confirmed cases 121 1.5
Controls 7,894 98.0
Missing family history information 765 9.5
Total available for family history analysis 7,250 90.0
Cases 104 1.4
Controls 7,146 98.6

* Breast cancer was not confirmed by medical record review
(n = 2), participant denied having breast cancer upon interview (n =
22), participant refused interview (n =7), or participant was unavail-
able for follow-up (n = 9).

breast cancer upon interview (n = 22), the participant

refused to give an interview (n = 7), or the participant

was unavailable for follow-up (n = 9). A total of 121

breast cancer cases, including four cases of carcinoma

in situ, were confirmed by medical record pathology

report or cancer registry record. Of the 8,015 women"
eligible for the breast cancer analysis (89.7 percent of
those alive and free of breast cancer at year 1), 765

(9.5 percent) provided no family history information,

leaving 104 cases and 7,146 controls eligible for the

current analysis.

Measurement of bone mass

Bone mass at entry into the study was measured in
grams per square centimeter, using OsteoAnalyzers
(Siemens-Osteon, Wahiwa, Hawaii). The proximal
radius (forearm), distal radius (wrist), and calcaneus
(heel) were scanned, with mean coefficients of varia-
tion of 2.0 percent, 1.5 percent, and 1.3 percent, re-
spectively (21).
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Other variables

At baseline, weight (measured while the participant
stood in light clothing with shoes removed) was re-
corded with a balance beam scale (22). Self-reported
height at age 25 years was used to calculate body mass
index (weight (kg)/height2 (m?)), because women with
low bone mass experience height loss secondary to
vertebral fractures. Reproductive history was obtained
by questionnaire and interview. Surgical menopause
was defined as self-reported bilateral oophorectomy
prior to natural menopause. Participants were asked
about current and past use of estrogen and progestin,
including dosage and duration, from age 40 years to
the present (11). Reports on current use of medications
were checked against the labels of medicines brought
to the clinic visit. Women were categorized as never,
past, or current users of ERT, as of the date of the
baseline visit. We also collected information on cur-
rent alcohol use (number of alcoholic drinks consumed
per week, adjusted for atypical drinking, especially
heavy drinking in the past 30 days). Family history of
breast cancer was determined by self-report at year 1,
with women reporting breast cancer in either a mother
or a sister considered to have a positive family history.
At year 3, participants were asked whether they had
received a mammogram since study entry.

Statistical analysis

BMD was categorized into tertiles based on the
distribution of values in the entire study cohort, and
was also considered as a continuous variable (quanti-
fied in terms of standard deviation units). To avoid
confounding by family history of breast cancer, we
estimated univariate relative risks of breast cancer
separately by family history subgroup, using propor-
tional hazards regression (23). For multivariable re-
gression models, the main effects of interest included
family history of breast cancer, use of ERT, and BMD.
Covariates (age, age at menopause, surgical meno-
pause, parity/age at first birth, and body mass index)
were selected a priori on the basis of their probable
relation to breast cancer, BMD, ERT use, or family
history. Current alcohol consumption was included as
a covariate because of reported confounding of a
breast cancer-ERT relation by use of alcohol (24).
Study center was included to control for geographic
differences. Separate models were constructed for
each BMD site. Interaction terms involving family
history and ERT use and BMD were constructed as
cross-product terms. The statistical significance of in-
teractions was assessed by likelihood ratio test for the
addition of the set of interaction terms to the corre-
sponding main effects model (25).

RESULTS

Twenty case-patients reported a family history of
breast cancer in a mother or sister (table 2). Among
women with a positive family history, cases were
somewhat more likely than controls to have multiple
family members affected (data not shown). None of
the 20 cases and 233 (23.4 percent) of the 995 controls
who provided this information had a mother or sister
with breast cancer diagnosed before 50 years of age
(data not shown). Only four breast cancer cases and
218 controls were current users of estrogen and pro-
gestin at baseline (data not shown).

In family history-specific univariate analysis, no
consistent relation between age, age at menopause, or
current alcohol consumption and risk of breast cancer
was apparent (table 2). Although associations were not
statistically significant at the 0.05 level, surgical
menopause, current use of ERT, and late age at first
birth were associated with increased risk, while higher
body mass index was associated with somewhat de-
creased risk. Among those with a negative family
history, women with proximal and distal radius BMD
in the highest tertile were 1.7-2.2 times as likely to
develop breast cancer as women in the lowest tertile of
BMD. High calcaneus BMD was also associated with
increased risk, but this increase was not statistically
significant. Among women with a positive family his-
tory, being in the highest tertile of BMD for all three
sites measured was significantly associated with in-
creased risk of breast cancer.

In multivariable main effects models, women with a
positive family history had an estimated 57 percent
increased risk of breast cancer compared with women
with a negative family history, after adjustment for
age, age at menopause, surgical menopause, parity/age
at first birth, body mass index, alcohol use, study
center, BMD, and ERT use, although this increase in
risk was not statistically significant (p = 0.08) (table
3). Current ERT use was associated with an increased
risk of approximately 30 percent, also not statistically
significant. Having proximal and distal radius BMDs
in the highest tertile was associated with statistically
significant increases in risk (proximal radius: relative
risk (RR) = 1.78, 95 percent confidence interval (CI)
1.02-3.12; distal radius: RR = 2.39, 95 percent CI
1.37—-4.19), while the increase in risk associated with
highest tertile calcaneus BMD was smaller and was
not statistically significant (RR = 1.53, 95 percent CI
0.87-2.70). Based on comparable main effects models,
increases in radial BMD of one standard deviation
were associated with an approximately 35 percent
increase in risk (proximal radius: RR = 1.35, 95
percent CI 1.08-1.67; distal radius: RR = 1.37, 95
percent CI 1.12-1.66). Again, the modest increase in
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TABLE 2. Data on breast cancer risk factors and univariate estimates of the relative risk of breast cancer, by family history
status and case status, in the Study of Osteoporotic Fractures, 1986-1993

Risk Negative family history (n = 6,200) Positive family history (n = 1,050)
fact No. of No. of o, No. of No. of o
acor cases controls RR* 95% Ci* cases controls RR 95% Cl

Family history of breast cancert 84 6,116 1.00% ) 20 1,030 1.46 0.90-2.37
Age (years)

65-69 38 2,733 1.00F 11 437 1.00%

70-74 31 1,911 1.21 0.75-1.94 6 334 0.71 0.26-1.91

7579 10 952 0.78 0.39-1.57 3 165 0.65 0.18—2.34

280 5 520 0.79 0.31-2.02 0 94
Age (years) at menopause

<40 10 947 1.00% 3 162 1.00%

4145 22 1,280 1.62 0.77-3.42 5 217 1.24 0.30-5.17

46-50 30 2,127 1.35 0.66-2.77 9 354 1.31 0.35-4.83

251 22 1,712 1.22 0.58-2.58 3 287 0.56 0.11-2.79

Surgical menopause
No 70 5,165 1,00} 15 866 1.00%
Yes 13 728 1.32 0.73-2.38 5 119 2.56 0.93-7.04

Estrogen replacement therapy

Never use 46 3,595 1.00% 8 582 1.00%
Past use 23 1,626 1.09 0.66-1.80 6 317 1.29 0.45-3.71
Current use 15 895 1.34 0.75-2.40 6 131 3.46 1.20-9.97
. Parity/age (years) at first birth
Nulliparous 11 1,040 1.00% 2 187 1.00%
<20 6 493 1.16 0.43-3.14 3 74 3.71 0.62-22.2
20-34 58 4,115 1.32 0.69-2.51 13 ' 694 1.87 0.42-8.27
>35 5 255 1.83 0.64-5.26 2 37 4.61 0.65-32.8

Body mass index§

<22.20 21 1,497 1.00% 6 252 1.00%
22.20-24.75 20 1,523 0.20 0.49-1.67 3 271 0.47 0.12-1.86
24.76-27.92 21 1,544 0.92 0.50-1.68 6 270 0.97 0.31-3.01
>27.93 22 1,552 0.95 0.58-1.74 5 236 0.88 0.27-2.88
Average no. of alcoholic drinks/week
None 21 1,828 1.00% 5 286 1.00%
< 38 2,846 1.13 0.66-1.93 8 450 0.98 0.32-3.01
2-7 17 1,019 1.41 0.74-2.67 6 207 1.58 0.48-5.17
>7 8 423 1.70 0.75-3.84 1 87 0.71 0.08-6.09
Bone mineral density (g/cm?)
Proximal radius
<0.59 18 1,964 1.00% 4 335 1.00%
0.59~-0.68 34 2,048 1.77 1.00-3.13 3 352 0.76 0.17-3.42
>0.69 32 2,089 1.68 0.94-2.99 13 338 3.57 1.16-11.0
Distal radius
<0.32 19 1,964 1.00% 1 329 1.00% )
0.32-0.39 24 2,081 1.21 0.66-2.21 9 316 10.06 1.27-79.5
>0.40 40 2,014 2.19 1.27-3.78 10 375 10.17 1.30-79.6
Calcaneus
<0.36 22 1,943 1.00% 1 332 1.00%
0.36-0.44 28 2,081 1.18 0.67-2.05 12 329 11.62 1.51-89.3
2>0.45 34 2,065 1.44 0.84-2.46 7 366 6.61 0.81-53.8

* RR, relative risk; Cl, confidence interval.

+ History of breast cancer in a mother or sister.
} Referent.

§ Weight (kg)/heightz (m2).

Am J Epidemiol Vol. 148, No. 1, 1998
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TABLE 3. Estimated relative risk of breast cancer associated
with bone mineral density and use of estrogen replacement
therapy in the Study of Osteoporotic Fractures, 1986-1993*

Risk No. of
factor cases

RRT 95% Clt

Family history of breast cancer}

No 20 1.00§
Yes 84 157 0.96-2.57
Estrogen replacement therapy
Never use 54 1.00§
Past use 29 0.98 0.60-1.59
Current use 21 133 0.75-2.35
Bone mineral density (g/cm2)
Proximal radius
<0.59 18 1.00§
0.59-0.68 34 1.51 0.87-2.60
20.69 32 1.78 1.02-3.12
Per 1 SD* (0.10) increase 1.35 1.08-1.67
Distal radius
<0.32 19 1.00§
0.32-0.39 24 1.57 0.89-2.76
>0.40 40 239 1.37-4.19
Per 1 8D (0.08) increase 1.37 1.12—-1.66
Calcaneus
<0.36 22  1.00§
0.36-0.44 28 147 0.85-2.52
20.45 34 1.53 0.87-2.70
Per 1 SD (0.10) increase 1.18 0.93-1.48

* Summary of main effects proportional hazards regression.
Data were controlled for age, age at menopause, surgical
menopause, parity/age at first birth, body mass index, alcohol
intake, and study center. Separate models were used for each bone
mineral density site; family history and estrogen replacement
therapy estimates were from the proximal radius model.

1 RR, relative risk; ClI, confidence interval; SD, standard
deviation,

} History of breast cancer in a mother or sister.

§ Referent.

risk associated with an increase of one standard devi-
ation in calcaneus BMD was not statistically signifi-
cant. None of the control variables was statistically
significant at the 0.05 level in multivariable models,
although late age at first birth approached significance
(p = 0.08).

Interaction terms were added to allow for separate
effects of BMD and ERT within each level of family
history. There was little evidence that the breast
cancer-ERT association differed by family history sta-
tus (p = 0.30 for interaction terms; data not shown),
so these terms were dropped. Relative to women with
a negative family history and proximal radius BMD in
the lowest tertile, women with both a positive family
history and highest tertile proximal radius BMD
showed a 4.23-fold increase in breast cancer risk (95
percent CI 1.99-9.00), whereas highest tertile BMD in

the absence of a positive family history was associated
with only a 1.48-fold increase in breast cancer risk (95
percent CI 0.79-2.77; interaction: p = 0.04) (table 4).
Among women with a negative family history, the
estimated risk of breast cancer was approximately 24
percent higher for each standard deviation unit in-
crease in proximal radius BMD, compared with a 97
percent increase in women with a positive family
history (interaction p = 0.07). At the distal radius,
highest tertile BMD was associated with a relative risk
of 1.99 (95 percent CI 1.10-3.58) among women with
a negative family history and a relative risk of 3.07 (95
percent CI 1.39-6.80) among women with a positive
family history (relative to women with a negative
family history and lowest tertile BMD). The largest
increase in risk, however, was associated with second
tertile BMD and a positive family history (RR = 3.18,
95 percent CI 1.43-7.06). For the calcaneus, the larg-
est risk occurred in the women with second tertile
BMD and a positive family history (RR = 3.09, 95
percent CI 1.50-6.39), while women with a negative
family history and a similar BMD had essentially no
increase in risk (RR = 1.04, 95 percent CI 0.57-1.87;
interaction: p = 0.01). There was little evidence that
the slope per standard deviation unit increase in distal
radius or calcaneus BMD differed by family history.
Within family history subgroups, the increase in risk
associated with having a proximal radius BMD in the
highest tertile compared with the lowest was 48 per-
cent for women with a negative family history, while
the risk was 3.41-fold higher for women with a posi-
tive family history. Similarly, for the distal radius,
among women with a negative family history, those
with highest tertile BMD were at twice the risk of
women with lowest tertile BMD; among women with
a positive family history, the increase in risk associ-
ated with highest versus lowest tertile BMD was 9.9-
fold. For the calcaneus, women with a negative family
history demonstrated a 1.32-fold increase for the high-
est tertile versus the lowest, while women with a
positive family history showed a 6.5-fold increase.

DISCUSSION

Breast cancer and osteoporosis are two of the most
important health conditions affecting elderly women.
We have previously shown that the two conditions
may be related: Women with BMD in the highest
quartile were found to have a 2- to 2.5-fold increased
risk of breast cancer compared with women in the
lowest quartile (13). The current report provides some
evidence that the BMD-associated risk of breast can-
cer may differ among women by family history (moth-
er or sister) of breast cancer. If BMD is associated
with risk of breast cancer as a biologic marker of

Am J Epidemiol Vol. 148, No. 1, 1998
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TABLE 4. Estimated relative risk of breast cancer by family history status and bone mineral density in

the Study of Osteoporotic Fractures, 1986-1993*

Negative family

Positive family

Bone mineral density history historyt P for.
(g/om?) RRY 95% Clt RR 95% Cl interaction
Proximal radius
<0.59 1.00§ 1.24 0.42-3.67 0.04
0.59-0.68 1.64 0.91-2.96 1.00 0.29-3.39
20.69 1.48 0.79-2.77 4.23 1.99-9.00
Per 1 S8D% (0.10) increase 1.24 0.98-1.57 197 0.94-4.12 0.07
Distal radius
<0.32 1.00§ 0.31 0.04-2.29 0.04
0.32-0.39 1.14 0.62-2.11 3.18 1.43-7.06
20.40 1.99 1.10-3.58 3.07 1.38-6.80
Per 1 SD (0.08) increase 1.30 1.05-1.61 1.70 0.88-3.31 0.24
Calcaneus
<0.36 1.00§ 0.27 0.04-2.01 0.01
0.36-0.44 1.04 0.57-1.87 3.09 1.50-6.39
>0.45 1.32 0.73-2.38 1.76 0.73-4.25
Per 1 SD (0.10) increase 1.12 0.87-2.16 1.44 0.66-3.11 0.34

* Proportional hazards regression models with interaction terms. Data were controlied for age, age at
menopause, surgical menopause, parity/age at first birth, body mass index, alcohol intake, study center, and use

of estrogen replacement therapy.
1 History of breast cancer in a mother or sister.

1 RR, relative risk; Cl, confidence interval; SD, standard deviation.

§ Referent.

cumulative estrogen exposure, then a BMD-family
history interaction would imply that similar tissue-
level exposure to biologically active estrogen is asso-
ciated with different levels of risk depending on family
history status. At high levels of BMD, the risk of
breast cancer was higher among women with a posi-
tive family history than among women without such a
history. Our findings are consistent with the hypothe-
sis that there may be a subset of women—i.e., those
with a positive family history—who are particularly
sensitive to higher cumulative levels of estrogen, as
reflected by BMD measurements.

Although the interaction between current exogenous
estrogen use and family history was not statistically
significant, our data are consistent with a modest in-
crease in risk associated with current use in all subjects
and a somewhat larger increase in risk with current use
among women with a positive family history. Most
current users in this cohort were long term users of
ERT: More than 60 percent of current users had been
on ERT for 10 years or more, and 30 percent had used
ERT for more than 20 years.

While we are not aware of any previous studies that
have addressed the question of a BMD-family history
interaction, numerous studies have evaluated differen-
tial effects of ERT use in family history subgroups. At
least three case-control studies have reported that the
ERT-associated breast cancer risk is higher among
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women with a positive family history of breast cancer
than among other women, although the range of risk
estimates across these studies was wide (17-19). In a
recent population-based case-control study, Newcomb
et al. (17) reported ERT-associated relative risks of
0.93 for women without a family history and 1.39 for
women with a family history among long term users,
with an associated p value of 0.11 for the family
history-ERT interaction. One meta-analysis (26) re-
ported relative risks for any ERT use (as compared
with never use) of 3.4 for women with a positive
family history and 1.5 for women without a family
history. On the other hand, a prospective study (7)
found no family history differences for ever use of
ERT, and one meta-analysis found similarly negative
results (27). Nevertheless, these results suggest that
the relative risk of breast cancer related to estrogen use
may be higher among women with a positive family
history than among women without one. Our findings
are consistent with this observation.

Other studies have found an increased hormone-
associated risk among women without a family history
of breast cancer (6, 28, 29). However, among these,
Mills et al. (6) studied Seventh-day Adventists, who
have an atypically low baseline risk, while Kaufmann
et al. (29) used hospital controls, who may be less
likely to use ERT than the general population (30).

Fishman et al. (16) offered a possible mechanism for
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a differential effect of estrogen by family history sta-
tus, reporting that estrogen conjugation pathways dif-
fered by family history status, even in the absence of
differences in serum estrogen levels. They postulated
that a difference in the metabolic pathway in the
high risk women, specifically a shift from the 2-

hydroxylation pathway to the 16-o-hydroxylation .

pathway, may represent a shift from a more benign
form of estrogen to a more biologically potent form.
Yang et al. (31) recently reported different effects
of estrogen metabolites on transforming growth
factor-a3 promoter activity—a possible genetic mech-
anism for estrogen-associated risk.

Our study had several limitations. Only 20 breast
cancer cases reported breast cancer in a mother or
sister, which limited our power to assess interactions
and to consider duration and dosage of ERT. However,
the average duration of ERT use among current users
was 14.9 years, suggesting that most of our women
were long term users. None of our cases reported a
family history with onset before age 50 in the relative,
so we were unable to examine the breast cancer-BMD
relation in women with early onset in a relative. We
had no data regarding disease in second-degree rela-
tives. Family history may be a more important risk
factor in premenopausal disease (32); all of our sub-
jects were postmenopausal and elderly.

Finally, all of the subjects in our cohort were elderly
white women and healthy volunteers, which limits
generalizability, although the incidence of breast can-
cer in this cohort is similar to that in the United States
as a whole for this age group (33). The BMD-breast
cancer association could be confounded by health-
promoting activities in such a population—specifically
mammographic screening, which could lead to higher
breast cancer detection rates, and diet and physical
activity, which are associated with higher BMD. How-
ever, only four of our breast cancer cases had carci-
noma in situ, the type of lesion most likely to be
detected by mammography. While we were unable to
distinguish screening mammography from diagnostic
mammography, we did find that women with a posi-
tive family history were more likely to have had mam-
mograms within the past 3 years and that women with
lowest tertile BMD were less likely to undergo mam-
mography. However, our results were similar when we
restricted the analysis to women who reported having
mammograms.

In summary, this analysis suggests a possible famil-
ial response to estrogen exposure, as reflected in BMD
among elderly women, that may account in part for the
differential risk of breast cancer by family history
status. These results should be replicated in a larger

sample of family history-positive women, and the re-
lation should be evaluated in younger and premeno-
pausal women as well as in other elderly populations.
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ABSTRACT:

Background: There is uncertainty about the relationship between endogenous steroid
hormones and the risk of breast cancer. Measurement of sex hormone levels might
identify women at high risk of breast cancer who should consider preventive therapies.
Objective: To test the hypothesis that serum concentrations of estradiol and testosterone
predict the risk of breast cancer.

Design: Prospective case-cohort.

Setting: 4 US clinical centers

Participants: 97 women with confirmed incident breast cancer and 244 randomly chosen
controls ages 65 years or older, not taking estrogen.

Measurements: Sex steroid hormone levels were assayed using serum collected at
baseline and stored at -190°C. Risk factors for breast cancer were ascertained by
questionnaire. Incident breast cancers were confirmed by medical record review over an
average of 3.2 years.

Results: Women with the highest (> 2 r.:g/ml) bioavailable estradiol had a 5 fold (95%
confidence intervals, 2.0 to 12.4) increased risk of breast cancer compared with women
with the lowest concentratioh. The risk of breast cancer among women with the highest
free testosterone compared to the lowest was 3.2 (1.4 to 7.1). The estimated incidence
rate of breast cancer per 1000 woman years was 0.6 among women with the lowest
bioavailable estradiol and free testosterone compared to 7.6 among women with the
highest concentrations of these hormone. Traditional breast cancer risk factors were

similar in the cases and random sample of the cohort.

Conclusion: Estradiol and testosterone levels may play important roles in the development




of breast cancer in older women. A single measurement of bioavailable estradiol and free
testosterone is more accurate than conventional risk factors in estimating a woman's risk
of breast cancer. Women identified as high risk by these hormone levels could be targeted

for anti-estrogen treatment.




INTRODUCTION

One in 8 women will develop breast cancer in her lifetime and 3% will die from the

disease (1,2).  In 1997, over 180,000 new cases of breast cancer occurred among

women in the United States (2). About one half of all breast cancers occur among women
65 years of age or over: about 1 in 14 women age 60 to 79 will develop breast cancer
compared to 1 in 26 among women age 40 to 59 (2). It is estimated that there will be at
least a 1% annual increase in the risk of breast cancer among women aged 60 to 79 (3).

Endogenous estrogens may play an important role in the development of breast
cancer (4). Some (5-8) but not all (9-12) prospective studies have found significant
associations between endogenous concentrations of estrogens and subsequent risk of
breast cancer. Two recent reviews concluded that the growing body of evidence supports
a relationship between estrogen levels and risk of breast cancer (4,13). Women with
higher bone mineral density (BMD), a cumulative measure of endogenous estrogen have
an increased risk of breast cancer (14-16). Endogenous androgens may also contribute
(6,8,17). However, the relationship between serum androgens and breast cancer may not
be independent of serum estrogens (18,19). The best estrogen fraction to predict risk has
not been identified (4). Most studies have included measurements of total hormone
levels; the conc;entra{fions of free hormone may have even stronger associations. . Finally,
most of the women in these studies were postmenopausal women, younger than 65 years
of age.

Two randomized trials have demonstrated a reduction in primary breast cancers with
tamoxifen (20) and raloxifene (21). In the Breast Cancer Prevention Trial, 4 years of

tamoxifen use led to a 45% reduction in breast cancer incidence among the 13,388




women who participated in the trial (20). Women in this study were considered “high” risk
of breast cancer based on risk factors, including age > 60 years. About 30% of women in
»the trial were age 60 years or older. The Multiple Outcomes of Raloxifene Evaluation
(MORE), found a 70% reduction in the risk of breast cancer, especially estrogen receptor
positive cancers after 33 months of treatment with raloxifene (21). About 80% of the
7,704 women in this trial, were over the age of 60 years. |

Since both treatments entail costs and risk (21,22), it is important to identify women
who are at the greatest risk of breast cancer and hence, most likely to benefit from anti-
estrogen therapies. The c;urrent study was designed to test the hypothesis that serum
concentrations of estradiol and testosterone, measured an average of 3 years before the
clinical diagnosis of breast cancer are related to the risk of breast cancer in women 65
years of age or older. We hypothesized that measurements of serum hormone could be
used to identify women at high risk of developing breast cancer. We used a case-cohort
approach to compare serum hormone in 97 incident cases of breast cancerand a random

set of controls in the Study of Osteoporotic Fractures.




METHODS
Study Population

All subjects were participants in the Study of Osteoporotic Fractures, a prospective
study of 9,704 Caucasian community dwelling women, all age > 65, recruited at 4 clinical
centers across the United States (23). Women were excluded from SOF if they reported
a bilateral hip replacement or the inability to walk without the assistance of énother person.
During 3.2 years of follow-up, we confirmed 121 breast cancer cases including 4 cases
of carcinoma in situ by review of medical record by a physician epidemiologist (LHK) (14).
We excluded women reporting current estrogen replacement therapy at baseline, leaving
97 confirmed incident breast cancer cases. Using a case-cohort approach, a random
sample of 247 women, who survived to the ﬁrst annual visit, denied a history of breast
cancer, and did not report use of estrogen at baseline were chosen as controls (24). Three
of these control women who developed incident breast cancer were included in the case
group.
‘Sex Steroid Hormones

Serum was obtained from all participants at a baseline exam in 1986 to 1988. All
participants were instructed to adhere to a fat free diet overnight and the morning of the
examination to minimize lipemia that might interfere with assays. Blood was drawn
between 8:00 am and 2:00 pm and serum was immediately frozen to -20C. Within 2 weeks
all samples were shipped to a central repository where they were stored in liquid nitrogen
at -190C until assay. We measured estrogens (total estradiol), bioavailable or non sex
hormone binding globulin (SHBG) bound estradiol, free estradiol, estrone and estrone

sulfate, androgens (androstenedione, dehydroepiandrosterone sulfate (DHEAS), total and




free testosterone and SHBG. All assays were done blinded to breast cancer status by
Corning Nichols Institute (San Juan Capistrano, Ca). The sensitivity of the assays refer
}to the lower limit of detection.

We determined the reproducibility of selected hormone measurements in 20
postmenopausal women by assaying levels in duplicate. Pearson correlations (all
significant at p < 0.001) between the two measures were as follows: tdtal testosterone
(r=0.98); free testosterone (r=0.97); total estradiol (r=0.56); non-SHBG bound estradiol
(r=0.83); estrone (r=0.67); estrone sulfate (r=0.70); androstenedione (r=0.77); DHEAS
(r=0.97); SHBG (r=0.97). Initial and repeat mean values were similar.

Total estradiol was measured using liquid-liquid organic extraction, column
chromatography and radioimmunoassay (RIA), (intra- and inter- assay variability, 4-12%
and 6-12%, respectively; sensitivity of 2 pg/ml). Free estradiol was measured using
equilibrium dialysis and is calculated using the percent dialysable estradiol and total
estradiol (intra- and inter- assay variability, 3-4% and 4-6%, respectively; sensitivity of 0.1
pg/ml). Non-SHBG bound estradiol or bioavailable estradiol was estimated by the
ammonium sulfate precipitation of SHBG bound steroids (intra- and inter- assay variability,
3% and 7%, respectively).

Estrone was measured using extraction, chromatography and RIA, ( intra- and
inter-assay variability, 8-12% and < 6-7% respectively; sensitivity of 10 pg/ml). Estrone
sulfate was measured using organic extraction, enzymatic hydrolysis, celite
chromatography and RIA, (intra- and inter- assay variability 6-7% and 8-10%, respectively;
sensitivity of 50 pg/ml).

Androstenedione was measured using a RIA after preparation for analysis by




organic extraction and chromatography, (intra- and inter- assay variability, 6-10% and 10-
20%, respectively; sensitivity of 3 ng/dl). DHEAS was measured using RIA after
| preparation for the analysis by serial dilution, (intra- and inter- assay variability 6-11% and
10-13%, respectively; sensitivity of 5 ng/dl). Total testosterone was measured using RIA
with chromatographic purification. The free testosterone method uses equilibrium dialysis.
Calculation of free testosterone adjusts for albumin concentration; (intra- énd inter- assay
variability, 5% and 7%, respectively; sensitivity of 1 ng/dl). SHBG is measured using RIA,
(intra- and inter-assay variability of 6.9% and 4.4%, respectively; sensitivity of 5.0 nmol/).

Other Variables

Weight (in light clothes with shoes removed) was recorded with a balance beam
scale. Self reported height at age 25 was used to calculate the modified body mass index
(BMI; weight in kilograms divided by the square of height in meters) because women with
low bone mass experience height loss secondary to vertebral fractures. A reproductive
history was obtained by questionnaire and interview including information on ages at
menarche, menopause, and first birth, parity and family history of breast cancer.
Participants were asked about past use of estrogen replacement therapy. We asked
women about whether they walked for exercise and current and lifetime cigarette and
alcohol use. We cé]culated the average number of alcohol drinks per week with non-
drinkers coded as zero intake.

Statistical Analyses

Characteristics of cases and random sample of the cohort were compared by t-test

(continuous variables) or by Chi-Square (categorical variables). Sex steroid hormone

levels were not normally distributed. The non parametric (Wilcoxon 2 sample) test was
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used to compare the distribution of hormones in cases versus controls.

For all hormones (but total and free estradiol), the relative hazard for breast cancer
was calculated (using the lowest quartile as the reference group) across quartiles of sex
steroid hormone levels using a modification of the Cox proportional hazards model that
accounts for the case-cohort sampling design and has been successfully applied in
previous studies (24). The distribution of total and free estradiol did not ailow division by
quartiles; four levels of free estardiol were defined to approximate quartiles as closely as
possible. Total estradiol was categorized using < 5 pg/ml as the referent group with the
remaining values divided into tertiles. A test for linear trend of increasing risk of breast
cancer across quartiles of hormones was carried out.

We estimated the incidence of breast cancer per 1000 woman years by both
bioavailable estradiol and free testosterone. For these analyses, we combined the 2
middle quartiles of hormones and calculated incidence of breast cancer in women by level
of bioavailable estradiol and free testosterone.

To test the hypothesis that the association between the precursor hormone,
androstenedione, and breast cancer could be explained by levels of bioavailable estradiol
and free testosterone, we calculated the relative hazard of breast cancer in multivariate
models including all three hormones (androstenedione, bioavailable estradiol and free
testosterone). Forthese analyses, we dichotomized the hormone variables and compared

women in the top 3 quartiles to those in the lowest quartile.




RESULTS

The cases and random sarﬁp!e of the cohort were similar with respect to age,
reproductive history, family history of breast cancer, smoking and exercise, and other
conventional risk factors for breast cancer, Table 1. Themean body weight tended to be
higher among the cases. Cases reported more consumption of alcohol in the past year.
About one-third of cases and 1/3 of the random sample of the cohort repoﬁed past use of
estrogen replacement therapy. There was no significant difference in the number of years
since stopping use of estrogen or duration of estrogen use between the cases and random
sample of the cohort.

Sex Steroid Hormones and Breast Cancer

Median sex steroid hormone levels were higher in the cases compared with the
random sample of the cohort, Table 2. The magnitude of the difference in median
hormone concentrations ranged from 16% for total testosterone to 37% for estrone sulfate.
The hormone distributions were significantly different in cases and the random sample of
the cohort except for SHBG.

The association between serum hormone level and breast cancer was strongest
for bioavailable estradiol: women in the highest quartile had a 5 fold (95% Cl 2.0-12.0)
greater risk of breas"E cancer compared to women in the lowest quartile, Table 3. Among
the androgens, free testosterqne level was strongly linked to subsequent risk of breast
cancer: there was three-fold excess risk of breast cancer among women with the highest
free testosterone levels. These associations were independent of age and body weight.

Women inthe highest quartile of estrone, estrone sulfate, androstenedione, DHEAS

and total testosterone also had a two to 2 ¥z times excess risk of breast cancer, Table 3.
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SHBG and the ratio of estrone sulfate to estrone were not associated with breast cancer.
Results were the same when we excluded past estrogen users.

The estimated incidence rate of breast cancer was lowest (0.6 per 1000 woman
years) among women with the lowest bioavailable estradiol and free testosterone, Figure
1. In contrast, the incidence of breast cancer was almost 13 times greater among women
with the highest concentration of both hormones.

Precursor Hormone

In a model that included levels of bioavailable estradiol, free testosterone and
androstenedione, bioavailable estradiol RH=2.8; (1.3 to 5.9) and free testosterone,
RH=2.2; (1.0 to 4.5) but not androstenedione RH=1.0; (0.5 to 2.0) remained significantly

related to the risk of breast cancer.
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DISCUSSION
The results of this study support the hypothesis that sex hormones are important in
| the etiology of breast cancer in older women. In particular, women with a bioavailable
estradiol level above 2.0 pg/mlhad a5 fold increased risk of breast cancer compared with
women with the lowest estradiol. We also found a strong relationship between the unbound
portion of testosterone and the risk of breast cancer. Our results are conéistent with other
prospective studies of the relationship between sex steroid hormone levels and the risk of
breast cancer in somewhat younger women. The average incidence rate of breast
cancer among US white women age 65 years and older is 4.6 per 1000 woman-years (25).
Based on, our results we estimate that the incidence rate of breast cancer among women
with the highest bioavailable estradiol and free testosterone is almost 2 fold higher than
this expected rate.

The absolute concentrations of hormones, especially estradiol, were very low.
Nevertheless, a gradient of risk was observed across increasing concentrations. T his
gradient of risk is greater than that observed between serum cholesterol concentrations
and coronary heart disease espe'cially among older women (4). These results imply that
measurement of bioavailable estradiol and free testosterone could be used as a clinical
measure of risk of breast cancer to identify women who may béneﬂt from anti-estrogen
treatment.

Sources of testosterone in postmenopausal women inciude direct secretion from the
ovary and from the precursor, androstenedione. Testosterone could influence the risk of
breast cancer directly or indirectly as a source of estradiol. Androgen receptors have been

identified in human breast cancer cells although at least in vitro, activation of the androgen
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receptor tends to suppress the proliferation of breast cancer cells (26). In 2 studies the
association between total testosterone and breast cancer was not independent of
bioavailable estradiol (18,19). However, neither of these studies measured free
testosterone. In the current study, we found an association of free testosterone to breast
cancer that was independent of bioavailable estradiol levels suggesting that the
association may be a direct one. |

The primary source of estrogens in postmenopausal women is the aromatization of
androstenedione, an adrenal hormone (27). We and others (6) found an association
between higher androstenedione and DHEAS and breast cancer. However, in our study,
the association between androstenedione and breast cancer was no longer significant in
models that included bioavailable estradiol and free testosterone, consistent with the
hypothesis that increased androstenedione may contribute to increased risk of breast
cancer as a precursor to estradiol and testosterone.

Local formation of androgens and estrogens within the breast may also contribute
to the etiology of breast cancer. Breast fat has aromatase activity and levels of aromatase
activity in adipose tissue adjacent to the malignant tumor was significantly higher than in
tissues adjacent to benign lesions (28). Breast tissue also contains a sulfatase enzyme
which can convert eétrone sulfate to estrone which can then be converted to estradiol,
thereby raising the level of estradiol in the breast (29). In our study, both estrone and
estrone sulfate were directly related to the risk of breast cancer. Additional enzymatic
processes, including the 17p estradiol dehydrogenase'could lead to the accumulation of
high. levels of sex steroids within the breast tissue (30,31). It is unlikely, however, that a
local increase in estrogen synthesis within the breast could account for the increased blood
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levels of estradiol that we observed among women with breast cancer.

Weight gain, obesity and increased intra-abdominal fat have all been identified as
.possible risk factors for breast cancer (32,33), possibly due to aromatization of
androstenedione to estrone in fat tissue (34). In oui' study, adjustment for obesity or body
weight did not substantially influence the association between sex hormone level and
breast cancer. However, we did not measure either thigh fat, which has béen associated
with greater aromatase activity and therefore higher blood estrone and estradiol levels (33)
or intra-abdominal fat, which has been associated with greater concentrations of insulin,
free and bioavailable estradiol and testosterone (34,35). Future studies should include
these measures.

Measures of traditional risk factors for breast cancer such as age at first birth,
nulliparity, early menarche, family history of breast cancer, were remarkably similar
between the cases and random sample of the cohort suggesting that these conventional
risk factors cannot accurately identify older women at high risk of breast cancer. Our
results are consistent with other studies of older women (15). In addition, these risk
factors are highly prevalent. In one study, over 98% of the population was exposed to at
least one of these risk factors (36) and the majority of women with 1 or more of these risk
factors do not devek;p breast cancer. Hence, it is unlikely that these risk factors can be
used to accurately identify older women at risk of breast cancer.

There are several limitations to our study. The SOF cohort consists primarily of
healthy community dwelling Caucasian elderly women; however, the overall rate of breast
cancer in our cohort (4.3) per 1000 person years was similar to that observed for white

women ages 65 and older in the U.S. (25). The levels of hormones in these elderly
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women are relatively low and may be subject to increased laboratory variability. However,
the reproducibility of sex steroid hormone levels in postmenopausal women using the same
| laboratory was found to be excellent (36). Hormone levels were measured only once and
a single measure will have some imprecision. Although this is a one of the largest cohort
studies of breast cancer, we had limited power to test for interactions among hormones
and breast cancer. Current hormone levels may not reflect earlier levéls. However,
several studies have documented correlations of serum estrogens over several years,
especially among women whose weight remains stable (36-38). Thus, it is possible that
the levels of hormones measured in these women may indeed reflect exposures over a
longer period of time.

In conclusion, estradiol and testosterone play important roles in the risk of breast
cancer in older women. Concentrations of these hormones can estimate the risk of breast

cancer and aid in decisions about treatments to decrease breast cancer risk.
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Table 1: Descriptive Characteristics of Women with Incident Breast Cancer and
Random Sampile of the Cohort

Cases Random P
n=97 . Sample n=244
Age,y 709+46 71.8+5.0 0.14
Body weight, kg 69.9 + 13.1 67.7+11.9 0.14
BMI, kg/m? 276+54 26.5+4.3 | 0.07
Height at age 25, cm 162.5+6.2 163.2 +6.0 0.32
Age at menarche, y 128+ 1.6 13.1+1.6 0.16
Age at first birth, y 259+5.5 253 +4.7 0.35
Age at menopause, y 46.7 +5.5 476 +5.6 0.21
Number of live births* 2.48 +1.63 270 +1.48 0.28
Surgical menopause, % 12.6 10.6 0.59
Ever Pregnant, % 84.5 79.1 0.25
Nulliparous, % 17.2 21.2 0.41
Family History of Breast Cancer, % 14.7 14.2 0.89
Take walks for exercise, % 54.6 52.5 0.72
Current Smoker, % 53 8.2 0.35
Drink aicohol, last 12 mos., % 74.2 70.1 0.45
Median drinks per week (range) 0.63 (0-22) - 0.49 (0-21) 0.03
Past Estrogen use, % 33.7 32.0 0.76
~ Years since stopping estrogen+ 124 +8.5 | 6.1+86 0.97
Duration of Estrogen Use (years)+ 58+6.2 6.5+71 0.42

Plus-minus values are mean + standard deviation
*among parious women
+estrogen users only
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ABSTRACT

Context.-- Most previous studies show an increase in breast cancer risk with increasing alcohol
consumption. Previous work suggests a modification of the alcohol effect by use of estrogen
replacement therapy, but the role of endogenous hormone levels in the alcohol/breast cancer
relation is unknown.

Objective.-- To assess the interrelations of alcohol, estrogen replacement therapy, endogenous
sex steroid hormone levels (estradiol, estrone, estrone sulfate, and testosterone), and breast
cancer.

Design.-- Population-based cohort and nested case-cohort study.

Setting.-- Clinical centers located in: Baltimore, MD; Minneapolis, MN; Portland, OR; and the
Monongahela Valley in PA.

Pérticipants.—- One hundred twenty one incident breast cancer cases and 7,894 women free of
breast cancer, ages 65 and older, enrolled in the Study of Osteoporotic Fractures.

Main Outcome Measure.-- Relative risk of breast cancer.

Results.-- Women who drank 15 grams or more of alcohol per day had an estimated 3-fold
increase (relative risk 3.10, 95 percent confidence interval 1.55-6.21) in the risk of breast cancer
compared to non-drinkers. Compared to lighter drinkers, women who consumed 3 or more
drinks in a day on I_nore"than 3 occasions in a month had a 5-fold increase (relative risk 5.51, 95
percent confidence interval 2.16-14.1) in risk. The relation between alcohol and risk of breast
cancer was not modified by either use of estrogen replacement therapy or endogenous hormone
levels.

Conclusion.-- Alcohol consumption was associated with the risk of breast cancer in older
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women. However, there was no evidence of a modification of the effect of alcohol on breast

cancer risk by exogenous or endogenous hormones.




INTRODUCTION

Breast cancer is an important public health problem. In the United States, about 180,000
women develop breast cancer each year' and more than 40,000 die of the disease annually?. In
addition, both the diagnosis and treatment of breast cancer have a major impact on quality of
life?4.

Prior research has identified alcohol consumption as a potential risk factor for breast
cancer. While results of previous studies have been somewhat mixe.d, cohort studies have
generally found an increase in breast cancer risk associated with increasing consumption of
alcoholic beverages™'!. A few prospective studies have found no effect of alcohol'>, while the
Framingham study reported a significant negative relation between alcohol consumption and -
breast cancer risk'. A recent pooled analysis found a significant linear relation between alcohol
infake and breast cancer risk's. Data regarding this relationship in the elderly, however, are
limited.

One possible mechanism for a breast cancer-alcohol relation is the influence of alcohol on
serum hormones, specifically estrogens. We have previously shown that breast cancer risk is
associated with serum sex steroid hormone levels, including estradiol, estrone, estrone sulfate,
and testosterone'’. Several studies have reported positive correlations between alcohol
consumption and sermp»pormones levels, including estradiol'® and estrone sulfate’, as well as
urinary estrogens® in postmenopausal women. However, other observational studies in

postmenopausal women have not demonstrated an association between serum?'*

and urinary?
estrogens and alcohol intake. A recent placebo controlled crossover trial in postmenopausal

women reported a significant and sustained increase in estradiol levels after acute alcohol
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ingestion among women taking estrogen replacement therapy (ERT), but not in other women?*.
Some®*, but not all'é?$, previous studies have suggested that alcohol use and exogenous
estrogen use may interact with respect to breast cancer risk, but to our knowledge no previous
studies have examined the interrelation among alcohol consumption, endogenous hormone
levels, and risk of breast cancer. |
Because alcohol consumption is a potentially modifiable behavior, clarifying the breast

cancer risk associated with its use may have significant clinical implications. For example, if

" moderate intake is associated with an increased risk of breast cancer, this risk must be weighed

against the potential benefits of alcohol consumption, vincluding a reduced risk of cardiovascular
disease?”. Further, if there is an interaction between alcohol consumption and ERT, there may be
implications for treatment recommendations.

We examined the association between current and lifetime alcohol consumption,
measured at baseline, and subsequent development of breast cancer in a large population of
elderly women, the Study of Osteoporotic Fractures (SOF) cohort, with special attention to

modification of this relation by either use of ERT or levels of endogenous estrogen.

MATERIALS AND METHODS
Subjects

A total of 9,704 women aged 65 years .';lnd older were recruited between 1986 and 1988
from a center located in one of the following four areas: Baltimore, MD, Minneapolis, MN, the
Monongahela Valley in Pennsylvania, and Portland, OR. The SOF excluded black women
because of their low risk of hip fracture, women unable to walk without the assistance of another
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person, and women with bilateral hip replacements?®. The study was approved by the appropriate
institutional review boards and written informed consent was obtained from all participants.
Identification of Cases and Controls

Ascertainment of breast cancer in the SOF has been previously described”*. Briefly,
one year after the baseline examination, SOF participants were asked to complete a questionnaire
that included information about personal and family history of breast cancer. Breast cancer
status was again ascertained at a subsequent follow-up, approximately 3.2 years after the year 1
interview.

This study of incident breast cancer includes only those women in the SOF cohort who
provided information on breast cancer status at both year 1 and at follow-up. Of the 9,704
women enrolled in the SOF, we excluded 100 women who died before competing the year 1
inferview, 160 women on whom we could not ascertain breast cancer status, and 506 women
who reported a history of breast cancer at year 1 and thus were prevalent cases. In addition we
excluded 265 women who died between year 1 and the end of follow-up, 618 women on whom
no follow-up was available, and 40 women for whom we could not confirm a diagnosis of breast
cancer. Thus, of the 9,704 women enrolled in the SOF, 8,015 (83%) were included in this
analysis.

Among these 8,Q1 5 women, we cpnﬁrmed 121 breast cancer cases by review of the
medical record pathology report or cancer registry record. The 7,894 women who denied breast
cancer at both year 1 and at follow-up served as controls.

A case-cohort sampling approach®' was used to select serum samples for hormone
assays'’. Assays were performed for all confirmed cases with available serum samples (N = 120)
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and for a random sample of women who were free of breast cancer at year 1. For purposes of
this analysis, the 254 women with complete breast cancer follow-up information served as
controls.
Alcohol Exposure

We collected detailed information by interview at the baseline visit regarding current and
past alcohol use. Current use was defined as the average number of drinks per week adjusted for
atypical drinking, éspecially heavy drinking over the past 30 days. For ease of comparison with
other studies, drinks per week was converted to grams per day, assuming an average of 11.5
grams per drink®>. We also collected information regarding heavy drinking (the number of times
during the past month 3 or more drinks were consumed in a single day), any history of problem
drinking (by self-report), the age at which drinking started, and total lifetime exposure in drinks
aﬁd in years. Average number of grams per day consumed was categorized to conform with 5
categories (none, < 1.5, 1.5-<5, 5-<15, and 15 or more grams/day) typically used in other studies.
Current drinking categories were also collapsed (none, <5, and 5 or more grams/day) for
comparison of baseline characteristics by drinking status and for use in interaction terms. Other
continuous alcohol intake variables were categorized to compare approximate quartiles with non-
use.
Exogenous Estrogen

Participants were asked about current and past use of estrogen replacement therapy since
age 40 years®. Reports of current medications were checked against the labels of drugs brought
to the clinic visit. Women were categorized as never, past, or current usefs of ERT, as of the date

of the baseline visit.




Endogenous Sex Steroid Hormones

As part of a case-cohort analysis"?, endogenous sex steroid hormones were measured on
120 cases and 254 controls. Serum was obtained from all participants at the baseline exam. All
participants were instructed to adhere to a fat free diet overnight and on the morning of the
examination to minimize lipemia that would interfere with assays. Blood was drawn between
8:00 am and 2:00 pm and serum was frozen at -20°C. Within two weeks all samples were
shipped to a central repository where they were stored at -190°C until assay. We measured
estradiol, estrone, estrone sulfate, and testosterone. All assays were done blinded to breast
cancer status by Corning Nichols Institute (San Juan Capistrano, CA).

Total estradiol was measured using liquid-liquid organic extraction, column
chromatography and radioimmunoassay (RIA) (intra- and inter-assay variability 5-9% and 6-
12%, respectively; sensitivity of 2 pg/ml). Estrone was measured using extraction,
chromatography and RIA (intra- and inter-assay variability 6-7% and < 8%, respectively;
sensitivity of 10 pg/ml). Estrone sulfate was measured using organic extraction, enzymatic
hydrolysis, celite chromatography and RIA (intra- and inter-assay variability 6-7% and 8-10%,
respectively; sensitivity of 50 pg/ml). Total testosterone was measured using RIA with
chromatographic purification. Hormone levels were categorized by tertiles.

Other ;'ariables

At baseline, weight (in light clothes with shoes removed) was recorded with a balance
beam scale’. We calculated body mass index, defined as weight in kilograms divided by height
squared in meters, using self-reported height at age 25, since elderly women may experience
height loss secondary to vertebral fractures. Physical activity was defined as walking specifically
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for exercise. Smoking was categorized as never, past, or current. A reproductive history was
obtained by questionnaire and interview. Parity was categorized as nulliparous or age at first
birth before age 20, between 20 and 34, and 35 or later. Family history of breast cancer was
determined by self-report at year 1, with women reporting breast cancer in either mother or a
sister considered to have a positive family history.
Statistical analysis

We compared risk factors for breast cancer among non-drinkers, light drinkers, and
heavier drinkers using ttests for continuous variables and chi-square tests for categorical
variables. Proportional hazards regression models were used to estimate the relative risk (RR) of
breast cancer as a function of alcohol intake®, Covariates in multivariable models were selected
based on their probable relationship to breast cancer and/or alcohol intake as reported in the
1iferature in general, and in this cohort in particular. All models controlled for age, education,
BMI, age at menarche, age at menopause, parity/age at first birth, family history, ERT, smoking,
physical activity, and study center. Interaction terms involving current drinking (3 categories)
with ERT (never, past, and current) use and with endogenous estrogen levels (tertiles) were
added to the initial multivariable regression models to formally assess modification of risk
associated with current drinking behavior by ERT use and endogenous estrogen levels, using

likelihood ratio tests™.

RESULTS
The mean age at entry into the study was 71.3 years (standard deviation 5.1 years).
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Women who reported alcohol consumption were significantly younger, better educated, leaner,
and more active than abstainers, table 1. Drinkers were also more likely to smoke and use
estrogen replacement therapy. Drinkers and abstainers were similar with respect to age at
menopause, but drinkers had slightly younger ages at menarche and were more likely to be
nulliparous. Drinkers were more likely to have a history of breast cancer in a mother or sister.
Drinkers were more likely to have highest tertile estradiol, estrone, estrone sulfate, and
testosterone levels, although only the estrone differences were stati#ically significant.

Alcohol and Breaét Cancer

Controls were more likely than cases to be current abstainers (44 percent versus 39
percent, respectively, table 2), and cases were more likely to drink 15 or more grams per day (p <
0.01). While 6 pércent of cases reported more than three occasions on which they drank three or
niore drinks during the past month, only 2 percent of controls reported similar drinking behavior,
although this difference was not statistically significant. There was little evidence of case-
control differences with respect to age at onset of drinking. Lifetime exposure, both in terms of
total number of years drinking and total lifetime number of drinks, was somewhat higher in cases
than controls, but these differences were not statistically significant.

Compared with non-drinkers, women who reported drinking an average 15 or more
grams of alcohol (a litt]f: more than one drink) per day had a nearly three-fold increased risk of
breast cancer compared to abstainers, table 3. Multivariate adjustment for age, education, age at
menarche, age at menopause, parity, 'smoking, use of ERT, exercise, family history, and clinic in

proportional hazards regression models did not substantially change this risk (RR 3.10, 95% CI

1.55-6.21, p trend across categories = 0.04). Limiting the analysis to current drinkers, heavy
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drinkers, those reporting consumption of three or more drinks per day during four or more of the
last 30 days, had a five-fold increase in the risk of breast cancer compared to women who drank
less (95% CI 2.16-14.1, p trend 0.004). Women in the top quartile of lifetime consumption
(8,191 lifetime drinks or more) had an estimated 87 percent increased risk of breast cancer
compared with abstainers (95% CI 1.01-3.46, p trend 0.07). None of the control variables was
significantly associated with breast cancer risk.
Alcohol, Hormones, and Breast Cancer

The risk of breast cancer associated with alcohol consumption was not influenced by
either use of exogenous estrogen or endogenous hormone levels. Self-reported use of ERT did
not appear to modify the alcohol-breast cancer relationship (p interaction 0.85; table 4).
Similarly, there was no indication of a multiplicative interaction with respect to serum levels of

estradiol, estrone, estrone sulfate, or testosterone and use of alcohol.

DISCUSSION

In this cohort study of elderly white women, we found that women who drank an average
of slightly more than one alcoholic drink per day or more had a three-fold increase in the risk of
breast cancer compared with non-drinkers. Heavier drinkers, those who had consumed three or
more drinks in a day on more than 3 occasions during the past month, were at five times the
breast cancer risk compared with lighter drinkers. These results are in accord with most previous
cohort studies, which have demonstrated that even moderate alcohol intake is associated with
increased risk of breast cancer’® and that higher levels are associated with greater increases in
risk of disease®!*'®. In contrast, one prospective study' found a significant decrease in breast
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cancer risk with increasing alcohol consumption and a few have shown no association in either
direction!>™.

Is there a safe level of alcohol consumption at which the risk of breast cancer is not
increased? Although our study found that women who c_onsumed less than one drink per day, on
average, did not develop breast cancer at a higher rate than non-drinkers, we were unable to rule
out such an effect; the confidence intervals in our study included the effect sizes reported in other
studies®”® and our significant trend across increasing categories was also demonstrated by a
recent pooled analysis'®.

Alcohol consumption may increase breast cancer risk through its effect on serum estrogen
levels. Alcohol use increased serum estrogens in postmenopausal women in some'®'*, but not
all?, studies. A placebo-controlled crossover study of the acute effects of moderate alcohol
cdnsumption suggested that the increase in serum estrogen levels with alcohol were confined to
women who took ERT?. This finding is consistent with results from the Nurses' Health Study®
that demonstrated an increased risk of breast cancer associated with ERT use only among current
consumers of alcohol, and with those from the Iowa Women's Health Study®. Nevertheless, our
data do not support such a relationship, consistent with the findings from the Canadian Breast
Screening Study? and a recent pooled analysis'®. To our knowledge, our study is the first to
have examined interactigns between alcohol and endogenous hormone levels. We were unable
to demonstrate interactions between endogenous hormone levels and alcohol with respect to risk
of breast cancer. Inconsistencies across studies may be due to differing cohort composition
with respect to age, prevalence and patterns of alcohol intake, or prevalence and patterns of ERT
use. Alternatively, Singletary and Meadows®” hypothesized that interactions of alcohol with
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other breast cancer risk factors such as hormones may differ according to tumor estrogen-
progesterone receptor status. Alternatively, alcohol may increase the risk of breast cancer by
mechanisms not involving estrogens. In animal models, ethanol results in the induction of
carcinogen-activating enzymes in the liver®**. Acetalde_hyde, the first metabolite of ethanol,
may inhibit DNA repair in animal models and in human cell culture®.

Several limitations of this study must be considered. Alcohol consumption was assessed
by self-report. Self-report is known to be fairly reliable for abstaine;rs and light to moderate
drinkers®, but tends to underestimate intake for heavier drinkers*'. However, because our
measurement of drinking behavior occurred prior to diagnosis of breast cancer, we would expect
such misclassification to be non-differential with respect to disease status, resulting in an
underestimate of any effect. Because only a few women reported heavy alcohol consumption,
we were unable to assess the effect of very heavy consumption. However, our assessment of the
frequency of consumption of three or more drinks at one occasion may serve as an indication of
the effect of heavier consumption on risk. Because drinkers were more likely to have had recent
mammograms than non-drinkers, the risk associated with alcohol could represent an
ascertainment bias. However, when we limited our analysis to women who had received a
mammogram, our findings were unchanged. Finally, this study of elderly Caucasian women
may not be generalimble to younger women or women from other racial groups.

The results of our study suggest that elderly women with moderate alcohol consumption
have a three-fold increase in risk of breast cancer compared to non-drinkers. This association
may have important clinical implications. Although moderate alcohol consumption has positive
health effects, e.g., a reduction in risk of cardiovascular disease, these effects must be balanced
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against a possible increase in breast cancer risk. Guidelines suggesting that moderate intake of
alcohol is beneficial may need to be modified based on a woman's risk factor profile for breast

cancer.
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Table 1. Baseline Characteristics by Current Alcohol Consumption

Characteristic

Age (mean,SD)
Education (years)
Modified BMI
Age at menarche

Age at menopause

Age at first birth (years)

(N,%):
Nulliparous
<20
20-34
35+

Walks for exercise:
No
Yes

Smoking:
Never

- Past
Current

Family history of
breast cancer:
No
Yes

Use of ERT:
Never
Past
Current

Estradiol (pg/ml):
<=5
>5-<9
9+

Estrone (pg/ml):
<17
17-<28
28+

Estrone Sulfate (pg/ml):

<139
139-<281
281+

None

‘ {N =3548)

71.9 (5.4)
12.1{2.8)
26.0 {4.9)
13.1 (1.5)
46.9 (6.5)

575 (16.7%)
343 (10.0%)
2367 (68.9%)
152 ( 4.4%)

1824 (51.4%)
1723 (48.6%)

2541 (71.7%)
759 (21.4%)
244 ( 6.9%)

2816 (86.5%)
439 (13.5%)

2256 (63.6%)
862 (24.3%)
430 (12.1%)

52 (32.9%)
45 (28.5%)
61 (38.6%)

50 (31.7%)
53 (33.5%)
55 (34.8%)

52 (32.9%)
53 (33.5%)
53 {33.5%)

23

< 5 gm/day
{(N=3017)

70.9 (4.9)
12.8 (2.7)
© 25.4 (4.2)
13.0 (1.5)
47.1 (6.2)

524 (18.0%)
213 ( 7.3%)
2066 (70.9%)
112 ( 3.8%)

1370 (45.4%)
1647 (54.6%)

1758 (68.6%)
963 (32.1%)
277 { 9.2%)

2317 (85.7%)
388 (14.3%)

1639 (54.3%)
907 (30.1%)
471 (15.6%)

49 (33.8%)
47 (32.4%)
49 (33.8%)

40 (27.6%)
64 (44.1%)
41 (28.3%)

51 (35.2%)
51 (35.2%)
43 (29.7%)

5+ gm/day
(N=1450)

70.8 (4.6)**
13.3 (2.7)**
24.4 (4.2)**
12.9 (1.4)*
47.2 (6.3)

289 (20.9%)
74 ( 5.4%)

953 (69.0%)
66 { 4.8%)**

683 (47.1%)
767 (52.9%)**

554 (38.3%)
658 (45.4%)
236 (16.3%)**

1067 (82.7%)

223 (17.3%)**

742 (561.2%)
448 (30.9%)
260 (17.9%)**

20 (28.2%)
16 (22.5%)
35 (49.3%)

17 (23.9%)
16 (22.5%)
38 (63.5%)**

18 (25.4%)
18 (25.4%)
35 (49.3%)




Testosterone (ng/dl):

<14 49 (31.0%) 40 (27.6%) 18 (25.4%)
14-<24 55 (34.8%) 57 (39.3%) 22 (31.0%)
24 + 54 (34.2%) 48 (33.1%) 31 (43.7%)

w

**p<0.01
*p<0.05 Last revision 4/8/98
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Table 2. Alcoho! Consumption in Breast Cancer Cases and Controls

0 —

Alcohol Use Cases Controls
(N=121) (N = 7,894)
Current use (gm/day):
None 47 (38.8%) 3501 (44.4%)
<1.b 26 {21.5%) 1966 {24.9%)
1.5-<5 20 (16.5%) 1005 {12.7%)
5-<15 13 (10.7%) 999 (12.7%)
15+ 15 (12.4%) 423 ( 5.4%)*

Ever drinking problem:

No 100 (98.0%) 6355 (98.3%)
Yes 2( 2.0%) 109 ( 1.7%)
# times 3+ drinks/day
past 30 days:
None 74 (82.2%) 4897 (87.4%)
1-3 11 (12.2%) 599 (10.7%)
4+ 5( 5.6%) 110 ( 2.0%)
Age started drinking (years):
<20 29 (28.4%) 1827 (28.3%)
20-21 25 (24.5%) 1569 (24.3%)
22-26 22 (21.6%) 1488 (23.1%)
27+ 26 (25.5%) 1565 {24.3%)
Total # years drinking:
None 20 (16.5%) 1449 (18.4%)
<42 21 (17.4%) 1251 (15.9%)
42-47 27 (22.3%) 1808 (22.9%)
48-52 26 (21.5%) 1866 (23.6%)
53+ 27 (22.3%) 1520 {19.3%)
Total # drinks lifetime:
None 29 (24.0%) 2288 {29.0%)
1-813 19 (15.7%) 1387 {17.6%)
814-2730 20 (16.5%) 1441 {18.3%)
2731-8190 25 (20.7%) 1417 (18.0%)
8191+ 28 (23.1%) 1361 {17.2%)

*p<0.01 Last revision 4/8/98

25




L

. .

Table 3. Crude and Adjusted* Relative Risk Estimates from Proportional Hazards Regression
Models

—
Alcohol Use Crude RR (95% Cl) Adjusted RR (95% Cl) p trend

—

Current intake (gm/day):

None 1.00 Referent 1.00 Referent

<1.5 0.95 (0.59-1.563) 0.89 (0.51-1.54)

1.6-<5 1.41 (0.84-2.38) 1.13 (0.59-2.14)

5-<15 0.97 (0.562-1.79) 1.04 (0.52-2.08)

15+ .2.66 (1.49-4.76) 3.10 (1.65-6.21) 0.04
3 or more drinks/day,
past 30 days (current
drinkers only):

None 1.00 Referent 1.00 Referent

1-3 times 1.21 {0.64-2.28) 1.35 (0.63-2.86)

4 or more times 3.30(1.33-8.16) 5.51 (2.16-14.1) 0.004
Lifetime consumption
(# drinks):

None 1.00 Referent 1.00 Referent

1-813 1.05 (0.59-1.87) 0.99 (0.52-1.89)

814-2730 1.06 (0.60-1.87) 0.94 (0.49-1.82)

2731-8190 1.37 {0.80-2.34) 1.16 (0.61-2.20)

8191+ 1.62 (0.97-2.73) 1.87 (1.01-3.46) 0.07

* Adjusted for age, education, BMI, age at menarche, age at menopause, parity/age at first birth,
family history, ERT, current smoking, physical activity, and study center

Last revision 4/8/98
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Table 4. Estimated Relative Risk* of Breast Cancer Associated with Alcohol Intake
By Estrogen Replacement Therapy Use and Serum Hormone Levels

P ]

Hormone

Use of ERT**:
Never
Past
Current

Estradiol {(pg/ml):
<=5
>5-<9
9+

Estrone (pg/ml):
<17
17-<28
28 +

Estrone Sulfate
(pg/mi):
<139
139-<281
281+

Testosterone
(ng/dl):
<14
14-<24
24 +

None

1.00 Referent
1.51 {0.73-3.12)
1.82 (0.75-4.41)

1.00 Referent
0.82 (0.33-2.02)
1.86 (0.82-4.21)

1.00 Referent
2.16 (0.94-4.98)
1.95 (0.77-4.95)

1.00 Referent
1.09 (0.50-2.39)
1.28 (0.56-2.96)

1.00 Referent
2.89 (1.09-7.71)
4.89 (1.88-12.7)

Alcohol Intake

<b gm/day

1.15 (0.60-2.21)
1.05 (0.47-2.37)
1.71 (0.70-4.19)

0.70 (0.26-1.88)
0.65 (0.25-1.66)
1.31 (0.65-3.09)

0.87 (0.30-2.54)
1.10 (0.46-2.64)
1.79 (0.71-4.54)

0.65 (0.26-1.65)
0.86 (0.37-2.00)
1.00 (0.43-2.32)

1.51 {0.49-4.61)
2.01 (0.72-5.61)
2.45 (0.93-6.48)

5+ gm/day

1.97 (0.93-4.13)
1.74 (0.67-4.49)
2.42 (0.87-6.75)

0.74 (0.19-2.80)
2.20 (0.76-6.38)
2.74 (1.06-7.08)

1.52 (0.39-5.91)
1.46 (0.42-5.11)
4.10 (1.57-10.7)

0.79 (0.21-3.01)
1.80 (0.60-5.43)
2.48 (1.02-6.06)

1.78 (0.42-7.58)
7.60 (2.50-23.1)
4.08 (1.34-12.5)

p interaction

0.85

0.60

0.82

0.21

10—
*Adjusted for age, education, BMI, age at menarche, age at menopause, parity/age at first birth,
family history, ERT**, current smoking, physical activity, and study center
**ERT, estrogen replacement therapy
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